Introduction
With worldwide over 118 000 species, the group of the Diptera represents one of the richest orders of insects next to the Coleoptera and Lepidoptera (Westheide & Rieger 1996) . Most Diptera are terrestrial, with aquatic habitats only inhabited by a small fraction of species. Within aquatic ecosystems however, Diptera play an important role: more than half of the recorded aquatic insects are Diptera (see Illies 1978) . They colonise practically all kind of freshwater systems and in many cases they are the most abundant taxa. This last aspect is clearly be shown on a data set from 95 macroinvertebrate samples from a national survey in Germany (Haase et al. 2004a) . In this project samples were taken from 18 different stream types (Pottgiesser & Sommerhaeuser 2003) representing four ecoregions (Illies 1978) (Tab. 1). All samples were taken following the standardised sampling and sorting protocol of Haase et al. (2004b) . This protocol ensures that samples are treated equally and that the invertebrates are determined to a defined taxonomic level so that samples are comparable concerning number of individuals and number of taxa. Figure A shows the number of taxa and individuals from different taxonomic groups recorded in the study. With respect to number of individuals the Diptera present the largest group (U-Test p<0.00; Statistica 6.1 (Statsoft 2002) ). The number of taxa in Diptera found in the samples was also higher than those of other taxoAnn. Limnol. -Int. J. Lim. 2007, 43 (1), 61-74 The aquatic larvae of the Diptera are often the most abundant and most diverse group of the benthic macroinvertebrate fauna. They are able to survive in and colonise practically all freshwater habitats, and some species can tolerate harsh environmental conditions. They are therefore both a qualitatively and quantitatively important group of biological indicators for assessing freshwater systems. On the other hand their determination at the species level is very difficult. This is in part due to a lack of taxonomic work in the group, but also the absence of comprehensive determination keys, that meet the needs of water managers. As a result, the aquatic larvae of the Diptera often play a subordinate role in water management. In light of the EU Water Framework Directive the present work is a first step in improving the integration of the important group of the Diptera in water management practice: a comprehensive determination key, which is geared at water managers. The key includes 60 taxa, largely at the family and genus level. In contrast to already existing keys the present work tries to differentiate the taxa on the basis of simple and user-friendly characters. Numerous figures allow for easy checking of determination results. The key is applicable in Germany, Scandinavia, Great Britain and the Benelux states. Mainly taxa from running water systems are considered, but the key can also be used at the family level to determine taxa from standing water bodies.
Keywords: Dichotomous key, aquatic diptera, operational taxa list, water framework directive (2) nomic groups. However, the significance of this result was not tested because of different taxonomic resolution in these groups. But it seems obvious that differences would be even more pronounced if all taxa were identified at species level.
Besides their importance with respect to number of taxa and abundance, Diptera occur in all kinds of freshwater ecosystems and unlike other taxonomic groups in both pristine and degraded systems. Some species are able to tolerate harsh or poor ecological conditions (e.g. water pollution or structural perturbations) and are often the only taxa which still survive in extremely degraded sites. This makes them a very important group for bio-indication in freshwater systems.
General situation of the determination of Diptera larvae
Unfortunately the determination of Diptera larvae is often not easy. This is mainly for the following reasons: A large number of Diptera larvae are still unknown or undescribed and the identification of many genera and species is only possible with a considerable preparatory effort. Even then, determinations can be difficult and often require expert knowledge.
Another problem arises from the available determination literature: Presently available keys can generally be considered to belong to one of two groups: 1) classical taxonomic-systematic works and 2) simpler keys for less taxonomically or systematically oriented users. For the Diptera, there is a problem with respect to the first group of keys: due to its size and the incomplete taxonomic knowledge of the group, the necessary information is divided among many different keys. Many of these keys are incomplete and often written in different languages. In the second group of keys, simplification often comes at the cost of taxonomic detail and consequently mistakes in determinations are common. The present work combines the advantages of these two common approaches, while minimising their weaknesses.
To date, determinations were primarily based on the works of Nilsson (1997), Smith (1989) , Rivosecchi (1984) and Rozkosny (1980) , which cover the geographic regions of northern Europe, Italy and southeastern Europe, respectively. The latter two works are written in Italian and Czech, limiting their applicability outside their immediate region. Due to the fact that Nilsson (1997) and Smith (1989) only cover the region of northern Europe, for central Europe no comprehensive key containing all the relevant taxa and written in a language widely comprehensible was previously available.
Another difficulty is that Nilsson (1997) and Smith (1989) are using an unduly technical feature right at the beginning of their keys in order to separate the two (three) groups of Brachycera/Cyclorrhapha and Nematocera. According to their keys, the first group have mandibles which move in a vertical plane whereas the mandibles of the latter move in a horizontal plane. Independent of the fact that the mandibles of the Diptera larvae are often hard to see, some exceptions result in mismatching certain taxa to their corresponding taxonomical group (e.g. Pilaria sp. (Limoniidae) or the family of Syrphidae). In the case of Syrphidae, strongly reduced mandibles make it im- 
Development of a key for the larvae of aquatic Diptera
In order to facilitate the integration of aquatic Diptera into water management practice, the aim of the present work was to develop a key which meets the requirements of water managers. Within this context, the present key should also close the gap of a missing, comprehensive key for central Europe. Moreover the structure of the present work differs from already available keys. The most significant difference is that the unduly technical character, the working direction of the mandibles, is not addressed right at the beginning of the key. So the key presented here is an attempt to compile a comprehensive key for central Europe, which meets the requirements of water managers, but maintains a high level of taxonomic-systematic exactness.
Using the Key
The basis for the key is the operational taxa list (Haase et al. 2006) , which presently contains 67 taxa in the larval stages that are relevant for water management practices and represents the taxonomic basis for implementation of the EU WFD in Germany. By gearing the key at determining the taxa from the operational taxa list, the key becomes relevant for processing all macroinvertebrate samples taken from streams, which are meant for assessment or monitoring in the implementation of the EU WFD. For practical reasons, only those taxa were included in the operational taxa list -and thus in this keywhich occur in running waters relevant to EU WFD assessment and monitoring. Very rare semi-aquatic or semi-terrestrial taxa do not feature in the key. Determining such taxa is not possible with the presented key. However, by comparing specimens with the numerous figures given in the key, misidentifications can easily be avoided. A slight risk of misinterpretations is taken into account for routine assessment protocols, because the work effort would greatly increase if a more comprehensive key is used. The key can be used in Germany and Scandinavia (Denmark, Finland, Norway, and Sweden), Great Britain and the Benelux States (Netherlands, Luxembourg and Belgium). At the family level, the key can also be used in standing water bodies. In comparison to previously available keys (Nilsson 1997 & Smith 1989 ) the benefit of the present work is the simplicity and the user-friendliness, so that the Diptera larvae can easily determined with a minimal expenditure of time. The nomenclature follows Schumann et al. (1999) .
Structure of the key
The first part of the key addresses the differentiation of individual families. Exceptions are the families Ceratopogonidae and Muscidae. Taxa of these families and one species of the Limoniidae are determined to higher levels in the first section of the key for practical reasons. The operational taxa list suggests more detailed determination of specimens from single families. Keys to the genera and some species of these families are given in the second part of the key. Sizes in the drawings are given as a general orientation. In speciose families, like the Chironomidae, the sizes between species can vary considerably. This size variance could not be accounted for in detail.
Additional literature for further determination of certain families
In the present key determination of certain families is limited to those taxonomic levels which are listed in the operational taxalist for running waters in Germany. However, the operational taxalist does not restrict the level of determination. In fact, further determination is preferred even though it is not necessary in terms of assessing running waters in Germany. Nevertheless the following literature may be helpful for further determination of certain families: Nilsson (1997), Papp & Darvas (1997 , Disney (1999) and Bass (1998) . For Chaoboridae, Thaumaleidae, Stratiomyidae, Tabanidae and Sciomyzidae rather good keys exist (Saether 2002 , Wagner 2002 , Rozkosny 2000 , Kniepert 2000 . Theses keys cover the region of Central Europe, but they are written in German. 6 Pseudopodia on abdominal segments 1 and 2, characteristic habitus (Fig. 2 c) Kieffer, 1906, (Ceratopogonidae) 9* Body cylindrical with long setae, habitus as in Fig. 4 a. 10 Thorax and abdominal segments are dorsally intensely sclerotised. The dorsal side of the body is therefore much darker than the ventral side. Last abdominal segment with a cremaster (a cluster of spines at tip). Spiracles on the lateral side of the first thoracal and the eighth abdominal segment (Fig. 5 a) 12 Antennae used as a prehensile organ, seventh abdominal segment normally with paired (pigmented) tracheal vesicles (Fig. 5 b) (Fig. 6 a) . The majority with sclerotised plates on most of the pseudosegments, sometimes theses sclerotised segments are greatly reduced. 
14 Surface of body completely sclerotised, looks granulose and firm. Abdominal segments normally dorso-ventrally flattened (Fig. 6 b-c) 15 With an extendable respiratory tube at the end of the abdomen (Fig. 2 e) (Fig. 6 d) 17 Triplet 17* The last segment of the respiratory tube is divided into two branches (Fig. 7 a) (7) 17** The respiratory tube is as long or even longer than the larvae (Fig. 7 b) (Fig. 9 a-c) 18* Mandibles move parallel to each other on a vertical plane (Fig. 9 d-f) 19 Abdominal segments (dorsal) with divided or toothed appendages, reaching a length of at least half of the width of the body (Fig. 6 e) 20 Spiracular field (last abdominal segment) with 6 appendages (Figs 10 b-d) , lobes cylindrical or flattened, reduced to some extent (Fig. 10 d) , habitus as in Fig. 10 a. 21 Three or four pairs of pseudopodia on each abdominal segment (Fig. 11) 22 Abdominal segments dorsal and/or lateral with long appendages, habitus as in Fig. 3 d or Fig. 15 a- 23 Pseudopodia visible (Fig. 3 a, c) 24 Ventral appendages on the last abdominal segment with long, golden hairs. Ventral lobes with a characteristic pattern (Fig. 12 f) . Habitus as in Fig. 12 26 Dorsal and ventral appendages on the last abdominal segment are of equal length (Fig. 12 d) (Fig. 12 e) . 28 Abdominal segments without any appendages, only with two prominent spiracular fields (Fig. 13 c) . Habitus as in Fig. 13 28* Spiracular field on the last abdominal segment surrounded by several appendages (Fig. 14 b) . Habitus as in Fig. 14 a. 1 Abdominal segments 6-8 with long filamentous appendages, which can reach a length equivalent to half of the body length (Fig. 15 a) 2 The hooks of the outer and middle rows on the pseudopodia are of equal length (Fig. 15 d) . Dorsal and lateral abdominal appendages are more or less of equal length (Fig. 15 b) . ..Ibisia marginata (Fabricius, 1781) 2* The hooks of the outer and middle rows on the pseudopodia are different in length, outer row is shorter than the middle row (Fig. 15 c) . The abdominal segments with dorsal appendages are shorter than the lateral ones (Fig. 3 d) 
Chironomidae:
1 Head capsule oval (Fig.16 a) or egg-shaped, with canals into which the antennae can be retracted. Antennae often retracted to a different degree, i.e. right and left antenna appear to be different in length. (Fig. 16 a) . 2 Characteristic pattern on the ventral site of the head capsule (Fig. 16 e (Fig. 16 d) . Eyespots can be close together, often appearing like a comma (Fig. 16 c) Gen. sp. (p.p.) 4 Antennae often shorter than half of the lenght of the head capsule. Ventromental plattes appear triangular, they are widely separated from each other. (Fig. 16 f) . 4* Antennae often as long or longer than half of the lenght of the head capsule. Antennae based on a pedestal, which is longer than wide (see arrow in Fig. 16 b) . Space between ventromental plates is in most cases shorter than the width of the median mental tooth. Shape of the ventromental plates is often long and slender (Fig. 16 g) 1 Appendages on the thorax and abdomen divided into two branches, habitus as in Fig. 6 e. .......Phalacrocera replicata (Linnaeus, 1758) 1' Appendages on thorax and abdomen not divided into two branches, but they are serrate. (Fig. 17) . Habitus is similar to Fig. 6 
Dixidae:
1 Cremaster (a circle of spinules) (Fig. 18) on the dorsal side of five or more abdominal segments. Habitus as in Fig. 2 1 Seven pairs of pseudopodia (Fig. 3 a) (Fig. 3 c) . (Dorso-lateral appendages on the last abdominal segment are normally long, Fig. 19 b) 2 Last abdominal segment rounded, with small warts. Each wart has two or three long hairs. (Fig. 3 a) 2* Dorso-lateral appendages on the last abdominal segment really short, apical appendages are long (Fig. 19 a) 1 Larvae look pale, weak sclerotisation between the tergites, scleroticed plates on the tergites are in part remarkably reduced in size (Fig. 20 b-c) 1* Larvae look dark, intensive sclerotisation between the tergites. (Fig. 20 a) . .....Psychodidae Gen. sp.
Simuliidae:
1 Head fan is missing, the anal sclerite is y-shaped (Figs 21 d, i) (Novák, 1956) 1* Head fan is present, the anal sclerite is x-shaped (Fig. 21 a, j) 2 The widest part of the cephalic apotome is just behind the centre; width of the postgenal cleft on the ventral side of the head capsule exceeds its depth. Cervical sclerites are fused to the head capsule, central tooth of 3 Lobes of the gill spot are thick and running parallel to one another (Fig. 21 h) . Circle of hooks on the last abdominal segment bearing more hooks on the dorsal side than on the ventral side.Simulium (Wilhelmia) Enderlein, 1921 3* Lobes of the gill spot are thin and coiled (Fig. 21  g) or (Fig. 6 c) 2 Hairy fringe along posterior edge of the abdominal segment interrupted by a central gap (Fig. 22 b) (Forster, 1771) 2* Uninterrupted hairy fringe on the anal segment (Fig. 22 a) (Linnaeus, 1767) 3 Indentation on the basis of the last abdominal segment (Fig. 22 c) 3* Last abdominal segment is elongated, round or right-angled, but always without a hairy fringe and never constricted (Fig. 6 c, 22 d) ; last abdominal segment not as in Figs. 22 a- 
Tabanidae:
1 Four pairs of pseudopodia on each abdominal segment (Fig. 23 a) (Fig. 23 b) 
Tipulidae:
1 Dorsal lobes of the spiracular field on the last abdominal segment are narrowed, two pairs of anal papillae (Fig. 24) 4 Abdominal segments with paired pseudopodia with hooks on the apical end of each pseudopodium (Fig.  25 b) Zetterstedt, 1838 4* Abdominal segments with paired wart-like protuberances on the ventral site. Protuberances without hooks. (Fig. 25 d) Theowald (1967) .
